Working Theory of the Magnetostrictive Liquid Level Sensor
The working theory of the magnetostrictive liquid level sensor is as shown in Figure 1 . Put pulse current in the axial direction of the waveguide wire. Magnetic flow is generated by the pulse current in the area covered by the induction coil, which generates the induced voltage on the induction coil. According to the Maxwell's electromagnetic theory, the pulse current would generate a ring magnetic field on the axial section of the vertical waveguide wire, which flows through the waveguide wire along with the pulse current. When the pulse current is flowing through the area covered by the magnetic ring, the ring magnetic field perpendicular to the waveguide wire and the axial magnetic field parallel to the waveguide wire would generate a rotating magnetic field. [1] Because of the magnetostrictive effect caused by the waveguide wire, the rotated magnetic field rotates the waveguide wire, and then the torsional wave can be generated. The torsional wave spreads to the ends of the waveguide wire. When it runs through the area covered by the induction coil, the flux would be changed because of the magnetostrictive effect and the induced voltage would be generated on the induction coil. Finally, the torsional wave would be assimilated by the dampers on the ends of the waveguide wire. Since the speed of the pulse current is much higher than the torsional wave, the time difference between the two induced voltages on the induction coil times the speed of the torsional wave to obtain the distance between the magnetic ring and the induction coil. [2] 18
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Power Amplification Circuit
According to the working theory of the magnetostrictive liquid level sensor, the waveguide wire is rotated under the spiral magnetic field, which generates the torsional mechanical wave. For the same waveguide wire materials, the rotation degree of the waveguide wire is determined by the current on the waveguide wire. For larger current, the ring magnetic field would be larger, so are the torsional deformation and the detected SNR of torsional signal. [5] However, since the pulse signal cannot provide drive current that is large enough, the power amplifier circuit is needed to amplify the pulse signals to improve the driving ability of the pulse current signal.
Figure 4 Principle Diagram of the Power Amplifier Circuit 4 Amplifying and Waveshaping Circuit
The torsional wave on the waveguide wire is transferred into the voltage pulse signals proportional to the torsion angle by the coil. But the amplitude of the voltage pulse is only about ten more millivolt with strong signal interference. So it should be filtered and amplified with enough times and strong noise suppression ability is needed. [6] The signal filtering amplifying circuit can be divided into two stages. The first stage is the differential amplifying circuit that provides enough magnification times with high common-mode rejection ratio and the ability to effectively restrain the zero drift with the AD620 [7]
Figure 6 Shaping and filtering circuit
Measurement Results
According to the experiment data in Table 1 
